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Abstract: Due to low-dimensional semiconductor micro/nano-structures, visible light-emitting de-
vices, especially for green/yellow light sources locating in the wavelengths of 500-600 nm, have
reached a broad audience in ultrahigh resolution display and lighting, single-photon source, single-
molecule sensing and imaging in life science and other fields. In developing high-performance green/
yellow light-emitting devices, the preparation of light-emitting materials and device structures is
highly restricted by the “green/yellow gap” and “efficiency droop”. In the present research, a new
generation of yellow light-emitting diode, which is composed of a single Ga-doped ZnO microwire
(ZnO: Ga MW) and p-type InGaN substrate, is demonstrated at a wavelength of 580 nm together
with a linewidth of about 50 nm. With increasing the drive current at high injection levels, hardly

little variation in the spectral profiles, such as the main emission wavelengths and the linewidth,
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could be distinctly noticed, as well as the quantum Stark effect that has been normally observed in

InGaN-based light sources. The color coordinate is well matched with the yellow of the REC. 2020

standard. Interestingly, the external quantum efficiency of the device is relatively stable even at

high current injection. By comparing with the photoluminescence properties of a ZnO:Ga MW and p-

InGaN film, the energy band structure of the as-fabricated n-ZnO: Ga/p-InGaN heterojunction emis-

sion device was constructed. It is clearly inferred that the electroluminescence is derived from the

generation of electron-hole recombination, which occurring close to the ZnO: Ga/InGaN heterointer-

face, instead of the p-InGaN side. The experimental results show that the as-designed n-ZnO: Ga

MW/p-InGaN heterojunction can be used to fabricate high-performance low-dimensional yellow light-

emitting diodes.
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Fig.1 The fabrication process of n-ZnO: Ga MW/p-InGaN

heterojunction yellow light-emitting device
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Fig.2

(a) SEM image of a ZnO: Ga MW, and the diameter is evaluated to about 10 wm. (b) XRD result of the as-synthesized

Zn0: Ga samples. (¢)EDS elemental mapping of a ZnO: Ga, illustrating its uniform composition of Zn, Ga and O species.

(d)HRTEM picture of a ZnO: Ga wire. (e)PL result of a ZnO: Ga MW. (f)I-V characteristic curve of an individual ZnO:

Ga MW.
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Fig. 3 (a)Photograph of a working n-ZnO: Ga MW/p-InGaN heterojunction device at an input current of 1.5 mA. (b) Electrical

properties via I-V curves of individual ZnO: Ga MW and p-InGaN template, indicating that Ohmic contacting behaviors

of In-Zn0: Ga and Ni/Au-InGaN are formed. (¢)Electrical characterization via I-V curve of the fabricated n-ZnO: Ga MW/

p-InGaN heterojunction. (d)EL spectra of n-ZnO: Ga MW/p-InGaN heterojunction device was measured by varying cur-

rent in the range of 0.5-3.0 mA. (e) Variation of the integrated EL intensity versus different injection current. (f) Varia-

tions of the peak positions and line width as functions of different input current.
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InGaN ¥ 55T AN 2 5 4 fil e B0 . e m] L
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Fig. 4  Series of optical microscope EL images of the as-constructed n-ZnO: Ga MW/p-InGaN heterojunction LED were captured

when the device operated under different currents. (a)Optical microscope image of a single MW placed on p-InGaN sub-

strate. (b)0.5 mA. (¢)0.8 mA. (d)1.0 mA. (e)1.5 mA. (£)2.0 mA. (g)2.2 mA. (h)2.5 mA. (i)3.0 mA. The scale bar is

30 pm.
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Fig. 5 (a)Optical microscope PL image of p-type InGaN layer. (b) Comparison of normalized PL emission of p-type InGaN tem-

plate and EL spectrum of the fabricated n-ZnO: Ga MW/p-InGaN heterojunction LED. (¢) The energy band diagram of
the n-Zn0O: Ga MW /p-InGaN heterojunction LED under the operation of forward-biasing condition. (d) A set of CIE-1931
color coordinates converted from the obtained EL spectra. Inset: the enlarged area of the color coordinates for the single
MW yellow LED by varying the input current of 0.3-5.7 mA. The coordinate of the red pentacle is the color coordinate of
pure yellow light-emitting according to the Rec. 2020 standard. (e) Variation of the Mypee @s a function of various injection
current. (f) Time-dependent EL intensity of the n-ZnO: Ga MW/p-InGaN LED measured at the input current of 1.6 mA
and 2.0 mA, respectively. The as-fabricated devices are in storage in the lab via indoor air environment for about 12-

month.
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